Introduction
The rapid rise in foreign direct investment (FDI) over the past few decades has heightened interest in the relationship between FDI flows and exchange rates. For example, several studies have established a connection between the exchange rate level and FDI decisions; the exchange rate level determines multinational firms' expected return, and hence the decision to invest abroad (Froot and Stein 1991; Goldberg and Kolstad 1995; Blonigen 1997; Tomlin 1998) .
In these studies, the exchange rate level is a vital determinant of FDI; however, volatile exchange rates are also a determinant, discovered empirically to have a deterrent effect on FDI. Campa (1993) investigates the influence of the exchange rate level and exchange volatility on FDI. Firms invest abroad when expected profits exceed the sunk cost necessary to enter. The entry decision depends on sunk costs, the critical exchange rate level, exchange rate volatility, and other vital determinants. Using a count measure of FDI entries into four-digit standard industrial classification wholesaling industries, Tobit estimates suggest that sunk costs and exchange rate volatility depress FDI and that high exchange rate levels induce FDI during the 1980s. An abundance of research exists in this area; however, one common problem encountered by researchers relates to FDI data difficulties. Some data are aggregated, industry specific, or even discrete in nature. FDI data are regularly provided in discrete count form, whereas typically studies model The ZIP model accounts for the discrete nature of the data and excess zeros in the dependent variable. To my knowledge, no one has verified that estimates will improve if more technical distributions are used which model the data better. Hence, I obtain Tobit estimates and use them as a benchmark to compare to ZIP estimates to ascertain the extent to which specification matters. I address two issues in the literature: misspecification bias from modeling discrete data with continuous variable models; and controlling for excess zeros in the dependent variable when using discrete data. Ultimately, the ZIP model presents an opportunity to ameliorate estimates used for policy discussions on the FDI-exchange rate relationship.
I find that the estimates are sensitive to specification. There are salient differences between the Tobit and ZIP estimates. Statistical tests indicate that the ZIP model, which specifically models the discrete nature of the dependent variable, is an appropriate specification for this sample. Statistical significance changes across the two models, and importantly, there are economic differences in the marginal effects as well. Whereas a Tobit specification finds a statistically and economically significant relationship between real exchange rate changes and FDI entry, this is not true for the ZIP specification. The results also suggest that the Tobit model underestimates the negative impact of labor costs and advertising expenses on FDI entry into U.S. wholesaling industries.
Specification Issues
Following the Dixit (1989b) model, I present a formal model based on option pricing theory. In recent studies using option pricing analogies, the FDI decision depends on the level of expected profits versus irreversible costs (Dixit 1989b; Campa 1993 ; Dixit and Pindyck 1994; Kogut and Chang 1996).
Review of the FDI Model
As in the Dixit model, I assert that uncertainty about future returns has a deterrent effect on risk neutral firms. At time t, the firm chooses whether to enter in the current period incurring sunk costs. Let R denote the exchange rate, expressed in units of foreign currency per dollar. The exchange rate is assumed to follow a Brownian motion, given by Equation 2.1:' Here, dz is an increment of the standard Weiner process, uncorrelated across time, and at any one instant satisfying E(dz) = 0 and E(dz2) = dt where E denotes the expectations operator (Dixit 1989b) . For a detailed explanation on this process see Dixit and Pindyck (1994 
Rc is the critical value of the exchange rate that triggers entry. 3(or) is a known function of exchange rate volatility, a, and decreasing in cr. The drift of the exchange rate is given by uL; p is the dollar price of the good; k is the sunk cost of entry; w is the variable cost in foreign currency of producing the good, and p represents the discount rate.3 The model suggests that the higher the volatility of the exchange rate, the higher the exchange rate level has to be to trigger foreign firms to exercise the option to enter by FDI. Following from Equations 2.1 and 2.2, a reduced form equation may be developed to describe the impact of the observable variables on entry.
Predictions of the Model
Equation 2.2 suggests that entry is a function of the observable parameters of the formal model: the real exchange rate, drift, standard deviation, sunk costs, advertising expense, and labor costs. Table 1 contains the expected signs of the regressors. The real exchange rate is expected to exert a direct effect on entry. High exchange rate levels are associated with higher expected returns, a condition that implies higher entry rates. The drift of the exchange rate, representing the exchange rate trend, is expected to exert a direct effect on entry as well. Standard deviation represents exchange rate uncertainty. High exchange rate uncertainty tends to deter FDI. Hence, standard deviation is expected to have a negative effect on entry. Sunk costs, advertising expense, and labor costs are expected to exert a negative effect on entry. High sunk costs increases the value of the option to enter, consequently leading to fewer FDI occurrences. Finally, high advertising expenses and labor costs are expected to have an adverse effect on entry rates. specification matters.6 All the variables have the correct sign, with the exception of Drift, the same problem Campa (1993) encountered. With respect to Drift, he indicates this "troublesome" result may be because the exchange rate behavior is unpredictable.
In Table 3 , the Tobit model estimates suggest that at the sample means, a 10% increase in the Real Exchange Rate may lead to a 8.64% increase in entry rates.7 Drift has the wrong sign, negative, although it is statistically significant. The total effect of Drift on FDI entries is close to zero. Standard Deviation is statistically insignificant. Hence, rejecting the hypothesis that high exchange rate uncertainty deters FDI. If Sunk Costs rise by 10%, entry rates may decline by 3%. Advertising Expense represents a form of sunk costs, an unrecoverable cost once incurred. Advertising Expense is statistically significant at the 1% level. The marginal effects computed at the sample means suggest that a rise in Advertising Expense by 10% may cause entry rates to decline by 2%. Labor Costs has a negative significant effect on FDI. At the sample means, if Labor Costs rise by 10%, entry rates may fall by 10.6%. This result supports the hypothesis that high labor costs deter FDI. Next, I use the ZIP model, which is designed for discrete data, in lieu of a continuous model such as Tobit.
The ZIP model was run to determine how robust the empirical results were across the Tobit and ZIP specifications. To test the appropriateness of the ZIP model, I conduct the Vuong test. The Vuong statistic is distributed standard normal. A value greater than 1.96 favors the ZIP model. In Tables 3 and 4 , the Vuong statistics are 15.1900 and 12.3612 for the large and small sample, respectively. Both are greater than 1.96, a finding that favors the ZIP model.8
In Table 3 , there are salient differences between the benchmark Tobit and ZIP estimates. The marginal effects from the ZIP regression provide the magnitude of the coefficients.9 This robustness check leads to interesting implications. The estimates between the two specifications are incongruous. Taking into account the excess number of zeros in the dependent variable and the discrete nature of the data, the Real Exchange Rate and Sunk Costs are no longer statistically significant. In terms of economic significance, the magnitudes of the coefficients change. For example, the ZIP model suggests that an increase in Labor Costs by 10% would decrease entry rates by 14.95%; the Tobit model predicts a decline of 10.6%. For select industries, this would lead to an underestimate of one FDI occurrence. The coefficient on Advertising Expense is larger than in the benchmark case. At the sample means, if Advertising Expense increases by 10%, entry rates may decline by 3.3%. This is a difference of about 1.3% between the Tobit and ZIP estimates. Table 4 contains the marginal effects from the Tobit and ZIP estimations for a smaller sample size of seven years. This is to verify that the observed differences are not a result of a 81 also ran the model using the zero inflated negative binomial model (ZIPNEG), which accounts for overdispersion; however, the Vuong test indicated that the ZIPNEG was not the favorable model. Weak exchange rate links to FDI in U.S. wholesaling sectors found here may be because FDI in the distributional stages of U.S. industries are linked to intense export activity, not necessarily exchange rate changes. In addition, the reason we observe negative significant effects of labor and advertising costs on FDI is that distributional activities are subject to substantial expenses that may be sunk in the host market (Yamawaki 1991) .12 Yamawaki (1991) lists activities such as marketing, providing technical assistance and after-sales services to customers, maintenance of repair facilities, and service personnel training. Hence, the observance of weak exchange rate links may be plausible if the primary reason for FDI into U.S. wholesaling sectors is to accommodate exports.
Conclusion
Previous studies have drawn a theoretical and empirical connection between FDI and exchange rates; however, consideration for count data models is sparse. The empirical results confirm that estimates are sensitive to specification. This study takes a representative study of FDI and analyzes the robustness of previous empirical studies with respect to specification of FDI as the dependent variable. When shifting from a Tobit to a ZIP model, significance levels change and the magnitude of the coefficients changes. Using a count data sample of FDI into the United States from 1982 to 1993, maximum-likelihood estimates confirm that high advertising and labor costs deter FDI; however, there is little support for the notion that the exchange rate level or exchange rate uncertainty matters. Ultimately, the conclusion is that attention 10 Other small samples yield similar results. 11 Campa (1993) notes that FDI in the United States in the 1980s might have shown hysteresis effects. Specifically, he remarks that "hysteresis refers to the failure of foreign firms that entered the U.S. market while the dollar was revaluing in the first half of the 1980s to exit once the dollar returned to its original level due to the sunk costs that could not be recovered upon exit" (p. 614). 12 Yamawaki (1991) found that the effect of exports on distributional activity is weak. Conversely, he found that the influence of distributional activity on exports is strong and robust. He used employment in U.S. distributional subsidiaries as a proxy for FDI in U.S. wholesale trade industries.
toward the choice of model specification is necessary to avoid misspecification bias from modeling discrete data with continuous distributions.
